We make available word-by-word self-paced reading times and eye-tracking data over a sample of English sentences from narrative sources. These data are intended to form a gold standard for the evaluation of computational psycholinguistic models of sentence comprehension in English. We describe stimuli selection and data collection, and present descriptive statistics as well as comparisons between the two sets of reading times.
Introduction
In recent years, models from the field of computational linguistics are increasingly used for explaining psycholinguistic data and, conversely, psycholinguistic data is increasingly used to evaluate computational models. In contrast to typical psychological models, the algorithms developed by computational linguists are rarely intended to explain specific phenomena. Rather, they have broad coverage, being able to handle sentences in natural language. As such, it has become common practice to evaluate these models by comparing their word-level predictions to human word-reading times collected over general texts. The data set most often used in this context is the Dundee corpus (Kennedy & Pynte, 2005) , comprising eye-tracking data of ten participants reading newspaper editorials in English. These data have been used for model evaluation by, among others, Demberg and Keller (2008) , Fossum and Levy (2012) , Frank and Bod (2011) , and Mitchell, Lapata, Demberg, and Keller (2010) . Alternatively, model predictions have also been compared to self-paced reading data over English narrative texts (Roark, Bachrach, Cardenas, & Pallier, 2009; Wu, Bachrach, Cardenas, & Schuler, 2010) .
Two potential problems arise when using newspaper or narrative texts for model evaluation. First, the sentence-processing models invariably treat sentences as independent entities, whereas the interpretation of a sentence in text depends on the previous sentences. Second, and perhaps more importantly, understanding newspaper or narrative texts requires vast amounts of extra-linguistic knowledge to which the models have no access. For these reasons, a more appropriate data set for model evaluation would consist of independent sentences that can be understood out of context. One such data set is the Potsdam Corpus of 144 German sentences with eye-tracking data of 222 participants (Kliegl, Nuthmann, & Engbert, 2006) , used for model evaluation by Boston, Hale, Patil, Kliegl, and Vasishth (2008) and Boston, Hale, Vasishth, and Kliegl (2011) . However, the Potsdam Corpus sentences are unlikely to form a representative sample of the language because they were manually constructed as experimental stimuli.
Here, we present a collection of reading-time data that is intended to serve as a gold standard for evaluating computational psycholinguistic models of English sentence comprehension. The word-reading times were obtained using two different paradigms: self-paced reading and eye tracking. These data were collected over independent English sentences that (unlike those of the Potsdam Corpus) were not constructed for experimental purposes. Instead, they were selected from different narrative sources and, as such, can be considered a 'sample' of written narrative English, comprising a wide range of structures.
The following sections discuss the selection of stimulus material, provide details of how the reading READING TIMES FOR MODEL EVALUATION 4 times were collected, and present descriptive statistics of the data as well as results of comparisons between the two paradigms. All materials and data are available as on-line supplementary material. Appendix A lists the available data files and describes their content.
Method

Stimuli selection
On the website www.free-online-novels.com, aspiring authors can upload their (otherwise unpublished) work. We selected three novels that were categorized under different genres and all used British English spelling. Next, a list of 7,754 words was constructed by merging the list of high-frequency content words used in Andrews, Vigliocco, and Vinson (2009) with the 200 most frequent English words (mostly function words). The list included two punctuation marks: the comma and the period. From the three novels, all sentences were selected that contained only words from the word list, were at least five words long, and included at least two content words.
1 Of the resulting sentences, we hand-picked the 361 that could be interpreted out of context with only minimal involvement of extra-linguistic knowledge. The average sentence length was 13.7 words (s.d.: 6.36; median: 12; maximum: 38) . For 166 of the sentences, yes/no comprehension questions were constructed.
Obvious typos and grammatical errors were fixed. To prevent participants from connecting the sentence stimuli into a story, proper names were replaced by same-gender names (from the high-frequency word list) such that no name appeared more than twice across the stimuli. A selection of the resulting sentences is presented in Appendix B.
Fernandez Monsalve, Frank, and Vigliocco (2012) annotated the sentences with part-of-speech tags, that is, labels indicating the words' syntactical categories. Labels were first generated automatcally by a part-of-speech tagging algorithm (Tsuruoka & Tsujii, 2005) after which they were manually corrected to comply with the Penn Treebank tagging guidelines (Santorini, 1991) . This annotation is also available as online supplementary material, but is not relevant to the collection of reading-time data.
Self-paced reading
Participants. One-hundred and seventeen first-year students (92 females, 70 native English speakers, mean age 18.9 years) of Psychology at University College London participated in the self-paced 1 As an additional constraint, at least one of the words had to be one for which Andrews et al. (2009) provide human-generated semantic features. This was to allow for investigating possible within-sentence semantic priming effects.
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5 reading study as part of their undergraduate degree.
Procedure. The study was preceded by an unrelated lexical decision experiment that took approximately 10 minutes, after which followed six self-paced reading practice trials. Sentence stimuli were repeatedly selected at random from the 361 experimental sentences until 40 minutes had elapsed (including time spent on the lexical decision and practice trials). Each sentence was preceded by a fixation cross, presented centrally on a computer monitor. As soon as the participant pressed the space bar, the fixation cross was replaced by the sentence's first word in 40-point Courier New font. At each subsequent key press, the current word was replaced by the next, always at the same central location on the display. The time between word presentation and key press was recorded as the reading time on that word. Punctuation marks were presented together with the directly preceding word. After completion of a sentence, the corresponding comprehension question (if any) appeared and subjects responded 'yes' or 'no' by pressing the J or F key, respectively.
Eye tracking
Materials and participants. Of the original 361 sentence stimuli, the 205 that fit on a single line of the display were used in the eye-tracking study. These selected sentences are listed in Appendix B.
Forty-eight participants, recruited from the University College London subject pool, took part, for which they were paid £7. Four participants were excluded due to technical issues and one because he had already taken part in the self-paced reading study, leaving 43 participants (27 females, 37 native English speakers, mean age 25.8 years) with analyzed data.
Procedure. Subjects were seated 50 cm from the monitor with their chin on a chin rest. Both eyes were tracked using a head-mounted eye-tracker (SR Research, EyeLink II). Individual sentences were presented in 18-point Courier font, left-aligned on the display. Punctuation marks were attached to the directly preceeding word. Each sentence was preceded by a left-aligned fixation cross that was presented for 800 ms. Gaze direction was sampled at a rate of 500 Hz.
After initial calibration (nine fixation points) and five practice trials, subjects were invited to ask clarification questions and the experiment began. Another calibration check was performed after the practice items and then again after every 35 trials, at which time subjects took a self-paced break (the final set had only 30 trials, for a total of total 205 trials over six sets). Additionally, drift correction on a single centrally located fixation point was performed before the start of each trial. Responses were recorded using a mouse (center button to continue after finishing a sentence; right and left buttons to respond 'yes' or 'no', respectively, to comprehension questions). The entire experiment, including instructions and calibration, took approximately 60 minutes to complete. The order of sentence presentation was READING TIMES FOR MODEL EVALUATION 6 randomized throughout.
Word-reading times.
A word was considered as not fixated if the first fixation on that word occurred after any fixation on a word further to the right. Four measures of reading time were extracted from the eye-tracking data:
• First-fixation time: duration of only the first fixation on the current word.
• First-pass time (also known as gaze duration): summed duration of all fixations on the current word before the first fixation on any other word.
• Right-bounded time: summed duration of all fixations on the current word before the first fixation on a word further to the right.
• Go-past time (also known as regression-path time): summed duration of all fixations from the first fixation on the current word up to (but not including) the first fixation on a word further to the right.
Note that this often includes fixations on words to the left of the current word.
Results and discussion
Error rates
The percentage of response errors to comprehension questions was significantly larger in the self-paced reading study compared to eye-tracking (15.8% and 11.5%, respectively; z = 6.91, p < .0001). As is apparent from the histograms in Figure 1 , this difference was mainly caused by a number of self-paced reading participants who scored very badly, which we ascribe to a lack of motivation due to their compulsory participation. From hereon, we discard data by participants who had an error rate above 25%, which leaves 104 self-paced reading and 42 eye-tracking participants, and decreases the respective average error rates to 13.0% and 11.2%. Although the difference in error rate between the two paradigms has now been reduced, it remains statistically significant (z = 2.99; p < .003).
Reading times
Predictions by different broad-coverage statistical language models were evaluated on the native speakers' self-paced reading (Fernandez Monsalve et al., 2012; Frank, in press ) and eye-tracking (Frank & Thompson, 2012) data.
2 All three studies showed that a word takes longer to read if the models predict that it will lead to increased cognitive processing load. This establishes the validity of the models, but also of the data.
Here, we focus on descriptive statistics of the reading-time data and on comparing the two experimental paradigms. Words attached to punctuation (including all sentence-final words) and 2 Frank and Thompson (2012) included only the 17 monolingual participants that were tested at the time.
non-fixated words were not included in the analysis (the percentage of non-fixated words was 34.0% overall but varied widely among subjects, from 5.5% to 60.4%). Also, three sentences that contained a typo in the self-paced reading study were removed, leaving 274,893 and 44,371 data points from self-paced reading and eye-tracking, respectively.
Reading-time distributions. The distribution of each set of reading-time data (aggregated over all subjects and after log-transformation) can be seen in the the boxplots of Figure 2 . It is clear that the distributions have 'fat tails', that is, they are not normally distributed but have excess kurtosis. This is also evident from the quantile-quantile plots of Figure 3 , where log-transformed reading times are standardized per participant. None of the distributions is normal, as is confirmed by Lilliefors tests for normality (Lilliefors, 1967) , the test statistics of which are also plotted in the figure (all p < .001).
Comparison between paradigms. Table 1 shows the Spearman rank correlations between reading times (averaged over subjects) from the self-paced reading and eye-tracking studies. In order to detect possible spillover and parafoveal preview effects, correlations are also presented for 'misaligned' reading times, that is, reading times from eye tracking are correlated to the self-paced reading time of the previous or next word.
The correlations between eye tracking and self-paced reading times are much larger when looking at self-paced times on the current or next word (second and third rows of Table 1 ) than on the previous word (first row). This means that the key presses in the self-paced reading study lag behind eye fixations, whereas the reverse is less evident. Apparently, there is a stronger spillover effect in self-paced reading than in eye-tracking, as is consistently found when comparing the two paradigms (e.g., Just, Carpenter, & Woolley, 1982; Witzel, Witzel, & Forster, 2012) . In addition, the positive correlation between fixation durations at t and self-paced reading times at t + 1 could be due to parafoveal preview in the eye-tracking study. In that case, processing difficulty caused by the upcoming word is already apparent while the eye is still fixated on the current word. However, whether such parafoveal-on-foveal effects indeed occur is controversial (for a review, see Schotter, Angele, & Rayner, 2012) .
Conclusion
The data we have presented can further the field of computational psycholinguistics by allowing for a comparison among different model's psychological adequacy on one and the same set of data. As argued in the Introduction, these data may be more appropriate for such evaluation than the reading times over narrative or expository texts that have been used so far. Also, our sample of sentences is more representative of the language than sentences that are constructed to serve as experimental stimuli.
Although we have only discussed reading times here, it is also possible to look at other aspects of READING TIMES FOR MODEL EVALUATION 8 the eye-tracking data, in particular regression probabilities (the supplementary material includes fixation-level data). Moreover, a sophisticated cognitive model of sentence comprehension and question answering may even be validated against the error rates for comprehension questions, that is, a question that leads to more errors by humans should also be more difficult to answer for the model.
The current data set can easily be extended by increasing the number of subjects, but more interesting future additions could include sentences from different source types (e.g., expository texts), additional data types (e.g., EEG), and material in other languages. 
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Appendix A
Data files
The online supplementary data comprises eight text files: one readme file and seven data files. Two files contain stimuli data (stimuli.txt and stimuli_pos.txt), two contain subject data for the two studies (selfpacedreading.subj.txt and eyetracking.subj.txt), and three files contain reading data (selfpacedreading.RT.txt, eyetracking.RT.txt, and eyetracking.fix.txt). Each data file is formatted as a tab-delimited table with the first line consisting of the table's column names. The content of the stimuli, subject, and reading data files is explained below in Tables A1, A2 , and A3, respectively. The same information, with a few additional notes, is presented in the readme file. Table B1 shows all 205 sentences used in the eye-tracking study. The same sentence stimuli (and 156 others) were presented in the self-paced reading task.
Table B1
Sentence stimuli in eye-tracking study.
Anne lost control and laughed.
Billy wrote on the envelope.
He called over his shoulder.
He stayed against the wall.
Helen ran to the toilet.
I cannot tell you more.
Michael gave Adam two pounds.
Roger smiled and sat down.
Things were looking up again. This man's hair is black.
Turn your hearing aid up.
You'll demand nothing of me.
A horse has thrown a shoe.
A tube train took his legs.
Five will be listening for sure.
Gordon felt his anger build up.
Harry smiled at his little brother.
He needed putting in his place.
He shouted and the calling ceased.
He uses his belt on you.
He's broken his wrists very badly.
I am touched deeply in places.
I don't want to hear it.
I knew I heard your voice.
I wouldn't want to miss this.
Jack walked up to the door.
Ross sat back down and shivered.
She couldn't help feel for Alex.
The bored looking soldier just pointed.
The campaign will pay for itself.
They're riding out to meet them.
We barely escaped with our lives.
We've been travelling almost three days.
Alice is looking for somewhere to live.
Alan forgot to shave again this morning. He probably doesn't want people to know.
Continued on next page
He put the fork on the table.
I'll give him more than a slap.
Andrew nodded and stood against the counter.
Looks like a walk did the trick.
Sam felt proud when he went home.
Scott got up and washed his plate.
Simon nodded and walked into the room.
Steve sat down to eat his lunch.
Ted smiled and bit his bottom lip.
Thomas stepped back and shook his head.
Tom stood up and wiped his jeans.
Tony stopped off at his first delivery.
Normally they want to cut things up.
Powerful in the wrong hands, is that.
She had refused to leave her home.
She hid the boxes and matches well.
The bored looking soldier continued looking bored.
The dead must not kill the living.
The prison guard walked along the row.
The van is your lead, follow that.
You're getting up early in the morning.
After lunch he was told he had visitors.
Albert spoke before Barbara had a chance to.
Come within the walls to escape the enemy.
Follow me closely and watch for their leader.
He called out but she did not move.
He sat down and began to eat breakfast.
He slammed the knife down on the lamb.
He staggered into the chair at his desk.
I do not spare the birds a killing.
I think our friend's demands are well justified.
Let us leave these poor people in peace.
Walter closed the door and took a breath.
William sat down and tucked into his breakfast.
Alec stood against the wall to steady himself.
No-one else had dared step within the ring.
None of the city people dress like that.
She saw the throwing knife in his hand.
She was smiling in the dark, teeth flashing.
Shut your smart foul mouth and sit down.
Tell me what really happened to the truck.
The door was opened and Alexander walked out. There were choked screams and shouts of dismay.
There will be men to kill either way.
They were definitely holding hands underneath the table.
Claudia still teaches and still claims to hate it.
Burn him now, don't wait for him to escape.
Don't die of cold before you die in battle.
Good God, if you are watching, give me strength.
He heaved his shoulders and swung the axe again.
He is after glory and heads for his hall.
He just wished he could talk to his dad.
He lay his sword aside and extended his hands.
He sighed and walked back to the wood shop.
He smiled when she let out a big yawn.
He was leaning against his truck smoking a joint.
I was thinking of getting the band together again.
It is a narrow ship, much like our own. Table B1 -Continued from previous page Jacques sighed and tried to move out of the way.
Jamie took a cigarette and Andy gave him a light.
Joseph walked into the office and removed his flat cap.
She would soon be found if she tried to hide.
The brothers stood up and came down from the platform.
Anthony was approached, just as he had predicted, in the park.
Despite what Frank had told her Ellen thanked the young soldier.
He called earlier and I already arranged to go swimming tomorrow.
He drove his truck home and walked down to the village.
He held his mother tight and she cried into his chest.
He went to the door and walked out of the room.
His helmet was lost but he could still do some damage.
Ken just hoped he wasn't taking his temper out on Chris.
Lawrence rubbed the back of his neck and hung his head.
Lewis sat down and Lucy laid her hand on his cheek.
Matthew stood against the wall with his hands behind his back.
Run along home now and bring us some men to kill.
She just kept telling herself he had to learn a lesson.
She wound up talking to Barry about her time in India.
The gate was double, one huge mass of wood following another.
The gathered villagers took a step back, almost as one man.
We shall arrive properly or you will never live this down.
While they sat drinking their tea, Mick dug them a trench.
You know better than to talk to your mother like that.
You know that I will do whatever you ask of me.
You shouldn't have been racing my truck in the first place.
A smile came to his lips as he thought of an idea.
All last week there was a white van parked across the street.
Finally Maria sat down with a cup of tea and a sandwich.
He didn't seem to mind that she was screaming in his ear.
He drank too much at times and washed too little at times.
He folded his arms across his chest and put out his lip.
He had another shock when they told him he was moving cells.
He put his hands in his pockets and leaned against the truck.
He was built with muscle and liked to throw his weight around.
I am trying, old man, but I would rather kill the ship.
I shall have a victory and I want it to be remembered.
In the morning Mickey stood straight with his hand behind his back.
In the morning at breakfast Mike smiled at the letter he received.
It had been two weeks since Philip had been sent to prison.
It is not the most fragrant of places but we make do.
James walked in to wake Samuel at four thirty in the morning.
Let us give battle to these foreign snakes once and for all.
Tommy came out of the staff room toilet looking a little pale. Michael knew they never hit him and that was half the problem.
Alan told Jason he would just sit outside to have his lunch. Now the man is coming who will give it back to me.
She threatened to leave before and this time she just had enough.
The first knife caught in her skirt and she shook it free.
The last thing Alex felt like doing after work was more work.
The truck was an older version of the ones the others drove.
They stared at the black wall and now this offered no comfort.
We should talk about the things people talk about on first dates.
Why don't you tell me what happened on Saturday, step by step.
Emma put her mug of tea down on the table with a bang.
Bruce is looking for someone to take the spare room in his flat.
From the moment we leave this spot be very careful what you say.
He knocked on the door so hard that he almost broke it down.
He let Donald go and he fell to the floor with a thud.
He smiled again and felt like a man and not just the kid.
He's got the ability to work but he just gets bored too easy.
I can't see any amount of talk getting you out of this mess.
I flung out my hands and they said I had broken my wrists.
I mostly just pick a dry white and drink it to get drunk.
Andy felt good when he got ready to go out on Saturday night.
Billy knocked on the door and waited till he was told to enter.
Bob sat at the entrance to the warehouse and made up a cigarette.
Brian sat down at an empty table and began to eat his breakfast.
One by one she placed her teeth about their necks and killed them.
The shout caught him off guard and he fell back a little way.
He rose from his seat and stopped mid way when Joe glared at him.
He sat his son up on the table and laid his belt beside him.
If I have time at the end I'll fill you in on what happened.
Henry washed his hands and sat on the seat in front of the stove.
The police officer got out of the van and picked up the two cans.
The speaker turned to her with a smile and a bow of his head.
They say he can breathe fire and kill a man with a single word.
He came back to his senses when he heard his dad stand up to him.
He was already up and dressed and invited us in for a cup of tea.
I know Richard drinks a little too much and has a bit of a temper.
If this were a movie instead of a book this would be a good bit.
James was only in the cell for an hour but it felt like a week.
